Anomalous surface enhanced Raman scattering (SERS) peaks are identified for liquid sample stored in polypropylene centrifuge tubes (PP tube) for months. We observed the unexpected Raman peaks during experiments for Thiamine Hydrochloride aqueous solution stored in PP tube for two months. In order to identify the contaminants we have performed SERS experiments for de-ionized water (DI water) stored in polypropylene centrifuge tube for two months and compared them with fresh DI water sample. We have also carried out Ultra Violet (UV) absorption spectra for both fresh and contaminated water. We believe that the water is contaminated because of chemicals leaching from the PP tube. From the GC-MS data the main contaminant was found to be Phthalic acid and its derivatives. Further SERS and UV absorption experiment for Phthalic acid correlates well with the anomalous peaks identified earlier. We qualitatively confirmed the identification and quantitatively estimated the concentration of suspect contaminants as between 1uM and 10uM with both SERS and UV absorption spectroscopy. With UV absorption spectroscopy, we precisely estimate the concentration as 2.1uM. We have shown that sample in PP tube can be contaminated due to leaching chemicals upon long term storage and suggested SERS and UVabsorption spectroscopy as two quick and simple techniques to detect the contamination.
Introduction
It has been known for long that some plasticware container can contaminate its contents and may be harmful to health. For example, bottle waters were found to be contaminated by antimony leaching from polyethylene terephthalate (PET). 1 {{14 Shotyk,W. 2007}} The plasticizer bisphenol A (BPA) which is used in the production of polycarbonate is widely found in drinking water and is reported to stimulate cell apoptosis. Even though in most cases the leaching compounds from plasticware are in negligible amounts, that are unlikely to be toxic to human body, but it may hamper experiment results, especially for those highly sensitive biochemical experiments. Due to the wider spread use of plastic containers both in daily life and in the laboratory, it is imperative to detect the contaminants leaching from the plasticware in a simple and fast way. In most of the previous works, mass spectroscopy was used to identify the leaching compounds. Reliable as it is, mass spectroscopy has some limitations. Usually the sample preparation to data acquisition processes in those instrument are time consuming and may take hours. Also, to get sufficient amount of leaching compounds, considerably large amount of sample solution needs to be vaporized. The mass spectrometer instrument tends to be complicated, huge and has special requirements for the operation environment and so it is difficult to be portable. To identify the structure of the compound, the molecules need to be break into fragments with certain techniques such as high energy electron bombardment. Observations of anomalous Raman peaks in the SERS experiment of Thiamine Hydrochloride solution led us to examine the potential source of interferences from polypropylene centrifuge tubes (PP tube) as the solution was stored for about two months before the experiment. We observed those anomalous peaks at fixed wavenumbers and with constant intensity irrespective of the concentration of Thiamine Hydrochloride solution. For comparison we also took SERS spectra of freshly prepared Thiamine Hydrochloride solution with the same setup and configuration but did not observe those peaks. In order to confirm the leaching of PP tube, we perform SERS experiment for fresh deionized (DI) water and DI water stored in a similar PP tube for about two months (we call it old DI water). Those same anomalous Raman peaks showed up in old DI water while not in fresh DI water. Thus we assert that the water can be contaminated by PP tube and those anomalous Raman peaks can be attributed to the chemicals leaching from the PP tube. In addition, we took the ultra-violet (UV) absorption spectra of old DI water and fresh DI water. We observed two distinct absorption peaks in the spectrum for old DI water while not in fresh DI water. Further, in order to identify the source of interference leached from PP tubes, the old DI water samples were analyzed by GC-MS. The mass spectrometry data revealed that chemicals leached from PP tubes have low molecular weights (m/z < 500 Da; here m/z is the mass to charge ratio) and the major contaminants may be Phthalic acid. Finally, we have performed SERS and UV absorption experiments for Phthalic acid solutions.
The characteristic peaks from Phthalic acid correlates well with the earlier observed anomalous peaks from old DI water. The details of the experiments are described in following sections.
Experimental configuration
2.1 Nanodome SERS substrate 
Spectroscopy setup for data acquisition
The schematic of our SERS spectroscopy system is shown in Fig. S1 . For excitation, a semiconductor laser beam with the wavelength of 785nm and the power of 30mW is focused on to the SERS substrate by a 10X objective lens after reflected by a dichroic mirror. The diameter of the laser spot on the substrate is about 20um as measured by the camera.
For UV-absorption spectroscopy, we use Evolution 60 UV-Visible Spectrophotometer (Thermo Fisher Scientific). For mass spectroscopy, we use Agilent 6890N GC/5973 MS (GC/MS) gas chromatography mass spectrometer. It is equipped with electron impact ionization (EI) and chemical ionization units; it has flame ionization detector, thermal conductivity detector and mass selective detector.
Sample preparation
Thiamine Hydrochloride is dissolved in de-ionized (DI) water to make solutions of concentration of TH goes down the peak at 764 cm -1 also goes down (which is the characteristic peak for TH) while the intensity of peak at 1047 cm-1 remains almost the same. Also because of the fact that the peak at 1047cm -1 is absent in all TH solution prepared with fresh DI water , we can conclude that the old water must be contaminated by some chemicals giving a Raman peak at 1047cm -1 .
As we already know old sample are contaminated by something which can interfere with the SERS experiment, three questions remain to be answered here. What are those contaminants? Where do the contaminants come from? What is the concentration of the contaminants?
Identification of contaminants with Mass spectrometry
To answer the first question, we performed mass spectroscopy to indentify the contaminants. The GC-MS spectra showed nine different peaks for the old water sample (Fig. 3) oxidants used in the manufacturing of PP tube (owing to the low molecular weights of those chemicals). We decided to continue our experiment with Phthalic acid as a reference for our subsequent analysis.
Identification and concentration estimation of contaminants using SERS
In order to confirm the presence of Phthalic acid (PA) in the leachants we first performed the SERS of PA with different concentrations (Fig. 4 (A) Fig. 4(B) shows the comparison between the SERS spectra of fresh water, old water and PA solution with the concentration of 1uM and 10uM. Clearly two distinct peaks at 1047 cm-1 and 1141 cm-1 as well as two slightly weak peaks at 1308 cm-1 and 1442 cm-1 showed up in the SERS spectra for old water. While the SERS spectra of fresh water and that of reference background (substrate itself) did not reveal any distinct peaks (Fig. 4 (B) ). Due to the similarity in SERS spectra of old water and that of PA characteristic peaks, we believe that the contaminants in old water are having structure similar to PA. The SERS measurement also agrees well with the GC-MS prediction of Phthalic acid as suspected contaminants. To estimate the concentration of the contaminants, we compare the observed characteristics peak intensity of old water with that of PA with different concentrations. To be more reliable and statistically accurate, we take the average of the intensities from 15~20 measurements at different locations on the SERS substrate for the four characteristic peaks as shown in Fig. 4 
(C).
As shown in Fig. 4 (B) and (C), the Raman peak intensities of old water falls in between those of 1uM and 10uM PA solution. Hence, we can conclude that the derivatives of Phthalic acid in the old water are within the concentration range between 1uM and 10uM.
Identification and concentration estimation with UV absorption spectroscopy
In addition to GC-MS and SERS measurement, ultraviolet (UV) absorption spectroscopy is also used to confirm and evaluate the suspect contaminants. (Fig. 5 (A) ). The absorption of Phthalic acid solution increases with the concentration while the shape of the absorption spectra remains the same. The absorption spectrum for Phthalic acid showed three distinct peaks at the wavelength of 200 nm, 236 nm and 282 nm. We found that the absorption spectra of old water is very similar to that of phthalic acid with distinct absorption peaks appearing at 200nm and 236nm respectively. This shows the contaminants in old water, which absorb UV light, have similar structure with Phthalic acid. Above all, the concentration of suspect contaminants in old water falls between 1uM and 10uM because of the fact that the absorption curve for old water situates in between the curves for 1uM PA solution and 10uM PA solution and from the interpolation of the peak intensity for old water we estimate the concentration of suspect contaminants as 2.1 uM. (Fig. 5 (B) ).
In conclusion, the UV absorption spectroscopy confirms the chemical identified by GC-MS and SERS measurements that it is the derivatives of Phthalic acid which contaminates the sample and agrees with SERS measurements on the quantitative estimation of the concentration of suspect contaminants to be between 1uM and 10uM.
Discussions and future outlook
Even though we have extensively studied the identity of the contaminants leached from PP tubes and managed to estimate their concentration, there are still some questions need to be addressed for more thorough understanding. Also we would like to share and discuss some interesting observations. First of all, the mechanism behind leaching of chemicals from the tube and the dynamics such as how fast do they leach is still unknown. The sample we used for testing is about two months ago but what happened during the first few weeks, days or even hours? As the contaminants we identified are not a single compound, which one will leach first or faster? How do the temperature, pH value and polarity of solvent affects the leaching process? Does the leaching ever reach a saturation and thus the concentration of contaminants no longer increases? All those questions can be systematically investigated with SERS and UV absorption spectroscopy. But they are not covered in this article due to limited time and space.
Secondly, we observed some peaks of Phathlic acid are shifted for different concentrations. Shown in Fig. S4 , the peak seen at the wavenumber of 1075cm -1 for the concentration of 1mM and 100uM is shifted to 1047cm -1 for the lower concentration of 10uM, 1uM and 100nM. The old water also shows the Raman peak at 1047cm -1 as
Phthalic acid with lower concentrations, shown in Fig. 3(A) . Although there is some evidence to show the SERS peaks of Phthalic are shifted in different pH and concentrations 22 {{548 Tourwé,Els 2006}} the reason for the frequency shift for different concentration here we are inclined to believe is due to difference in types of adsorption. Since the Phthalic acid molecule is adsorbed to the surface of silver substrate after the droplet is dry, pH value does not make sense in this case. But the concentration does make difference for adsorption. If concentration is high, multi-layers of molecules will cover the surface so most molecules are physical adsorbed to the surface (physisorption or weak vander waals force). While with low concentration, the molecules are more likely to form a monolayer on surface thus most molecules will directly contact and form chemicals bond with the silver surface, which is chemical adsorption(chemisorption). It is well studied with charge transfer theory that chemisorption may result in peak frequency shift in the SERS spectra.
{{127 Ricardo Aroca 2006}}
Thirdly, even though SERS spectra and UV absorption spectra for old water match well with those of suspect contaminant Phthalic acid, they are not perfectly identical. In Fig.   2 (A) the Raman peaks at 1308cm -1 and 1422cm -1 are not so prominent for old water as for Phthalic acid. In Fig. 4(A) we can see the absorption peak around 200nm for old water is at a slightly lower wavelength than that for Phthalic acid. Since we have indentified the contaminants as derivatives of Phthalic acid rather than the Phthalic acid itselves, there may be some differences in the structure of the contaminants and our standard chemicals, both of which are reflected on the SERS and UV absorption spectra.
Finally, four major peaks at the wavenumber of 1047cm Fig. 2(A) . The explanation we come up with for this is that the Raman spectra of mixtures is basically not superposition of Raman spectra of each individual compound, especially when the compounds are polar. For the polar compounds, even though they do not react with each other, they are more likely to interact with each other on molecular level thus changing the conformation, which can be reflected on the Raman spectra.
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{{549 Richards,C.M. 1949}} Neither Phthalic acid nor Thiamine hydrochloride seems to be non-polar here.
Conclusion
We found and confirmed that the Polypropylene centrifuge tube may contaminate its liquid contents by leaching chemicals as derivatives of phthalic acid. Even though low in concentration, the contaminants may interfere with the results of some high sensitive analytical measurements such as SERS. GC/MS was used for the identification of the contaminants and with the identity of the suspect contaminants known, SERS and UV absorption spectroscopy were used to confirm the contaminants and to estimate the concentration of them. The measurement results of three spectrometric techniques agree with each other well. With UV absorption spectroscopy, we precisely measured the concentration of derivatives of phthalic acid in water stored in PP tubes for two months as 2.1uM. We propose SERS and UV absorption spectroscopy as two sensitive, simple and quick techniques to detect the contaminants leached from PP tubes. (B)Curve fitting to the absorbance at the peak around 200nm on (A) for Phthalic acid with the concentration of 1uM, 2.5uM, 5uM, 7.5uM, 10uM. The dotted line indicates the peak height for old water and its corresponding estimated concentration.
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